AIM: This present study was carried out to evaluate effect of cupping therapy using selected immunocytogenetic parameters. METHODS: Forty four males participated as two groups; group I (age 21 ± 1 year) of 30 persons (23 experimental, 7 control) and group II (age over 40 years) of 14 subjects (9 experimental and 5 control). The experimental group received cupping treatment while the control group did not. Basic wet cupping was performed by a practitioner. Peripheral blood samples were collected over a month period; one day before cupping, one week after cupping and a third one month follow up sample was obtained to determine longer term carryover of the possible effects of cupping. White and red blood cells (WBC and RBC) count and hemoglobin (Hb) concentration were measured. 50% Hemolytic Complement (CH50) activity was conducted. Chromosomes were prepared using a colchicines-fixative-air drying-Giemsa schedule. The Cell Replication Index (CRI) and Sister Chromatid Exchanges (SCE) frequencies were recorded. RESULTS: Levels of SCE did not significantly differ between experimental and control groups. The same applied to CRI. Although WBC counts were significantly higher in persons after wet cupping, this was not the case for the number of RBCs and Hb concentration. Complement activity was enhanced by cupping in the older group but not in the younger one. CONCLUSIONS: No correlation between cupping and cytogenetic parameters (CRI and SCE) was observed. However, cupping seems to play a role in activation of complement system as well as modulation of cellular part of immune system. Key words: Complement activity; Complementary Medicine; Cupping therapy; Sister chromatid exchanges.
INTRODUCTION
The earliest record of cupping is in Ebers Papyrus, one of the oldest medical textbooks in the world. It describes in 1,550 B.C. Egyptians used cupping. Archaeologists have found evidence in China of cupping dating back to 1,000 B.C. In ancient Greece, Hippocrates (c. 400 B.C.) used cupping for internal disease and structural problems. Cupping in Europe and the Middle East grew from humoral medicine, a system of health ancient Greeks used to restore balance through the four "humors" in the body [1, 2] . Cupping remained a constant in professional medical treatment throughout Europe. It was practiced by such famous physicians as Galen (131-200AD), Paracelsus (1493-1541) and Ambroise Pare (1509-90). In the UK, the practice of cuping therapy (CT) also dates back a long way with one of the leading medical journals 'The Lancet' being named after this practice [1, 2] . Now, cupping is available from acupuncturists and some chiropractors and massage therapists in the U.S. CT is divided into two broad categories: dry cupping and wet cupping (WC). The dry cupping (suction only) is the basic suction method of CT. In the second type, the skin is incised before the suction of the cups is applied [1, [3] [4] [5] [6] .
Cupping therapy is a form of Complementary and Alternative Medicine that has been successfully utilized for treatment of several conditions [5, [7] [8] [9] [10] [11] [12] . Each kind of CT may be used for different purposes of treatment. Interest in cupping has increased recently and this issue substantially stimulated further cupping research. Lauche and his co-authors [9] published a 50-person German study and found that a single WC treatment on average significantly reduced chronic neck pain three days after the treatment, compared with a control group that had no treatment. Cao et al. [11] presented 550 studies published between 1959 and 2008. Wet cupping was used in majority of them. Compared to medications alone, CT combined with acupuncture plus medications was significantly better on pain relieving, but no difference in symptom improvement was reported. They emphasized the necessity for improvement of the methodological quality and standardization of the study design.
CT has no serious side effects aside from minimal discomfort [2, 11] due to the method of application of skin cuts to the patient.
WC was designed to clean the body of impurities and excess fluid. Like blood donation [2] which is believed to reduce the amount of toxic substances (mercury, pesticides, fire retardants…), it may elicit the release of morphine like substances (endorphins), serotonin or cortisol. This can ultimately lead to pain relief and alter the physiological status of the individual [13] . It is therefore very logical to speculate that removal of such materials from the body will improve immune response and reduce the frequency of sister chromatid exchanges (SCE). The latter is a sensitive index of DNA damage resulting from exposure to endogenous and exogenous toxins [14] . The first part of the present study was designed for assessment of the possible effects of WC on selected components of the immune system; Complete Blood Count (CBC), complement activity by investigation of the 50 % Hemolytic Complement (CH50) and Mixed Lymphocyte Reaction (MLR) assay. The complement system plays a major role in host defense against infection and inflammatory processes. It consists of more than 25 selfassembling proteins as well as a series of receptors and regulatory proteins. CH50 assay evaluates the function of the C1 through C9 complement proteins [15] .
The second part aimed at the possible correlation between WC and two cytogenetic parameters; SCE and Cell Replication Index (CRI). Because WC is favored in the Middle East and Eastern Europe [2] , it was applied in this research. Based on the fact that cupping massage can be easily used at home and on the expectation that it may become a practice to everyday life to improve the general physiological status, healthy subjects were used in this investigation. As we age, especially after 40 years old, our body begins to break down. This includes loss of muscle, adhesions in fascia and decrease in blood flow, so a second (older) group was included. No research has yet been conducted into the effects of a home-based cupping massage program in relation to prevention and health care.
MATERIAL AND METHODS

Subjects
The study was performed on 44 healthy men from Irbid City (North of Jordan). Subjects were recruited utilizing a range of advertising techniques including university email system. The participants were randomly allocated to respective groups (either treatment or control group). The subjects were informed about the details of the research plan and consent was signed after completing a specially designed questionnaire and before commencing the study. Ethical approval was sought from Yarmouk University Research Committee.
Inclusion Criteria
• Subjects over 20 years old with no health problems.
• Subjects with no smoking history.
• Subjects with no back or neck pain.
• Subjects neither exposed to diagnostic X-ray nor treated with drugs over the 3 months preceding the experiment.
Exclusion Criteria
• Subjects suffering from serious heart troubles.
• Pregnant women.
• Cancer patients.
• Subjects with muscle spasms at the cupping region.
Cupping Procedure
A hygienic WC procedure was carried out between 12:00 noon and 2:00 pm by a specialized practitioner who was regularly performing cupping in clinical settings utilizing a hand suction pump, plastic cups of the same size and anti-septic tools according to the protocol described by Niasari et al. [16] . In all cases, the cups were applied at the trapezius muscle between the two scapula regions (Figure1). This muscle spans the neck, shoulders and upper back, the area where muscle tension and myogeloses most commonly occur. Negative suctioning was applied before skin puncturing (5 incisions, 1 mm depth and 2-4 mm length) by a razor blade. The cup was replaced on the same site for 20 min until it was filled with blood. The volume of sucked blood was about 20-25 ml for each donor. The skin was cleaned and left to dry. 
Blood Collection
From each volunteer, 7 ml of venous blood were collected in heparinized tubes, while 2 ml were contained in a plain plastic tube for serum preparation according to the following schedule: one day before cupping, one week after cupping and one month after cupping. The person did not receive any medication or exposed to X-ray during the whole cupping period. Three blood samples were obtained from controls as the treated groups. Immediately, 200 µl of whole blood from each donor were used for determination of CBC and Hemoglobin (Hb) concentration by using 18 parameters automated hematology analyzer machine (Mythic, Orphee S.A). Serum samples were frozen at -70 °C to do analysis in one setting.
CH50 Assay
Sheep red blood cells coated with antisheep erythrocyte antibody were used. A series of two fold serial dilutions of control and test serum in buffered saline each in duplicate were prepared and after 80 min incubation at 37 ºC centrifuged. Concentration of Hb released from destroyed Red Blood Cells (RBC) was measured in the supernatant at 540 nm.
Mononuclear Cells (MNC) Preparation and MLR Assay
2.5×10 6 cells/ml of responder MNC were cultured in 96 well culture plates with 3.33×10 6 cells/ml of stimulator cells (splenocytes) or with media alone. The cells were incubated in a humidified 37°C, 5% CO 2 incubator for 120 h. The cells were harvested and the responder cell reactivity was measured by the classical MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide) proliferation assay. The absorbance was measured at 540 nm on a microplate reader, with background reading at 690 nm.
Cell Culture and Chromosome Preparation
This was done as described previously [14] . Briefly, about 2.0×10 6 cells / ml were placed in a final volume of 10 ml culture medium in 25 cm 2 flasks. The medium consisted of RPMI 1640 buffered with 25 mM HEPES and supplemented with 15% fetal calf serum, 50 IU penicillin, 50 µg/ml streptomycin and 0.5 % phytohemeagglutinin-M. Bromodeoxyuridine (ACROS Organics; USA, final concentration 30 µg/ml) was added at the initiation time. To rigidly control the technical aspects of the experimental protocol throughout the study and to ensure the responsiveness of the test system, a well known SCE-inducing agent; mitomycin C (MMC, 20 ng/ml) was included as positive. Four cultures were made for each treatment. Cultures were incubated at 37 °C for 72 h. Colcemid (10 µg/ml) was added in the last 2 h to stop mitotic at metaphase. Cells were harvested, swollen in a hypotonic solution (0.056% KCl) for 20 min, and fixed in Carnoy solution (absolute methanol: glacial acetic acid; 3:1). The cells were spread out onto a chilled slide. To visualize SCE (Figure 2 ), Fluorescence-plus-Giemsa (FPG) technique was used. The slides were treated with Hoechst stain, then exposed to UV light for 35 min and stained in Giemsa solution.
The 
Data Analysis
The paired sample t-test was employed to determine the difference between data collected from subjects before and after cupping. The level of significance was set at 5 %. All data analysis was performed using Statistical Package for Social Sciences (SPSS) v.21 for windows.
RESULTS
In this study, participants were asked to report any side effects during the treatment period, no major side effects were recorded aside from minimal discomfort and the feeling of slight headedness similar to the sensation one feels after having had blood taken from him. None of the participants in the treatment group discontinued treatment because of worsening symptoms.
The frequency of SCE among individuals performed WC regardless of time of blood collection; one day before cupping, one week or one month after cupping, ranged from 4.52±1.8 SCE/cell. This is not statistically significant (P˃0.05) compared to the level recorded in lymphocytes from the blood taken one day before cupping. In contrast, the positive control (20 ng/ml MMC) induced highly significant rate of SCE; 19.90±5.6. The results are summarized in table (1) as well as in figures 2 and 3.
A similar trend is noticed in the values of CRI; where the indices varied between 2.08±0.3 and 2.23±0.2 in the experimental group. These values are not significant (P˃0.05) compared to that before cupping and to the positive control mean value as well (Table 1) .
In the older group (˃40 years), slight, but not significant, elevations in SCE and reductions in CRI were observed (data not shown) as compared to the corresponding readings recorded in the younger group.
Inconsistent and non significant (P˃0.05) differences in the number of RBC and Hb concentration, between the experimental groups and their corresponding controls were observed. However, the total White Blood cells (WBC) counts were significantly (P˂0.05) in the population after receiving cupping treatment as compared to the control and the experimental subjects before cupping (Figure 4 ). Furthermore, in both age groups, the number of granulocytes was significantly elevated after one month of cupping application relative to controls and experimental either before cupping or one week after cupping ( Figure 5 ). In both age groups, cupping resulted in significant (P˂0.05). reductions in lymphocytes counts in comparison with the controls and experimental one day before cupping (Figure 6 ). Finally, although clear enhancement (Figure 7 a) of the complement activity was not observed in young subjects undergoing cupping, this was obvious in the older group ( Figure  7 b ). 
DISCUSSION
One finding of this randomized controlled trial, where men in the treated group were subjected to WC, whereas men in the control group remained untreated, is that there is no correlation between wet cupping and cytogenetic parameters (CRI and SCE). To our knowledge, this is the first study trying to evaluate the cytogenetic effects of WC and the results may represent the first steps to searching the genetic aspects of CT. The present results may suggest that the metabolites drawn and discarded through cupping, and removal of which might be creating a favorable balance between various vital parameters [17] , are not mutagenic using SCE bioassay. Alternatively, WC may be protective against SCE formation by activating antioxidant defence mechanisms which remove oxidant damage. However, the latter interpretation is speculative and the hypothesis needs further elucidation. Other explanations, for example unspecific treatment relieving effects such as changes of the hormonal and the emotional status could not yet be ruled out. Future research, both in healthy people with no previous disease and in patients with specific diseases, should examine other cytogenetic endpoints such as micronucleus test or chromosome aberrations assay. Such studies can be conducted on venous blood samples and on blood samples from cupping site.
The other main outcome of this study is that wet cupping seems to play a vital role on activation of complement system. Wet cupping is also effective on some of the cellular part of the immune system. In general, cupping increased counts of WBC. Similar rises in the WBC counts were reported before [18] . However, we have noticed inhibition in lymphocyte activity after wet cupping practice. Ahmed and her coworker [18] have shown a marked improvement in clinical conditions of the patient, laboratory and immune cellular parameter, particularly of innate (percentage of Natural Killer, NK, cells) and adaptive cellular (Soluble Interleukin-2 Receptor, SIL-2R, concentration) immune responses, when blood-letting cupping every four weeks combined with conventional medicinal therapy was used for patients suffering from rheumatoid arthritis. In this regard, cupping therapy has similarities with acupuncture and acupressure techniques [2] .
Interestingly, our study has identified, for the first time, the effect of WC on complement activity. The results revealed a significant increase in CH50 values for experimental groups relative to their controls. The precise mechanism by which WC induces complement activation is not clear at the present time, so further examination of this point may shed some light on the possible mechanisms. In this regard, Yamaguchi et al. [19] indicated that acupuncture might activate the complement system but they did not explain how this could happen. In addition, positive effectiveness of acupuncture on complement activity has been reported in rat model [20] . At a biological level; acupuncture works by stimulating or activating the immune system parameters; cellular immunity, lymphocyte count, lymphocyte transformation, T-cell CD8/CD4 ratio, phagocytic activity, serum immunoglobulin levels, salivary IgA levels, serum complement levels, natural killer cell activity and serum interferon levels [13, 21] . It seems that such effect of cupping is tangible at older ages, since no measurable effect was observed in the younger group.
The present investigation is of relatively small size, thus; future studies with larger samples, for longer duration of follow up and use of a comparison group are recommended to elucidate the long-term or short-term effects of cupping. Another limitation of the present study is the lack of a sham group. However, blinded placebo -a fake version of the procedure being studied-cupping therapy proved to be very difficult, since a reliable sham cupping intervention is presently not available. Sham cupping utilizing adhesives to keep the cups in place can usually be recognized by the subjects, even those inexperienced with cupping [9] .
It might be worthwhile to examine the effectiveness of CT or combination of it with other non-pharmacological or pharmacological treatments for pain conditions.
CONCLUSION
The present study revealed the behavior of WBC and the complement activity and consequently extends and supports the belief that CT works by a mechanism that heightens the efficiency of the components of the immunity system in general. Cupping seems to improve the general physiological status in healthy subjects which happens more in people over 40. It calls for further investigation of different types of cupping to explore their effects on other parameters of cytogenetic and immunity like chromosome aberrations, micronucleus formation, % of CD8 natural killer cells, CD4 helper cells, interlukin-2 receptor and immunoglobulin's values
